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ABSTRACT 

20-5w?Ln^r^°^ hi9hly unsaturatad fatty acids (HUFA) such as 
shrimn p d 22-6 3 has been investigated for the larvae of: the blue 
yielded hicT* Styllr ° 3trls - HUFA-rich or H0FA-enriched Artemi a nauplii 
especUl^hLT : tl0n rSSUltS ln the hat ° her3 ' than HUFA-poor Artemia 
early JarvaTe? ? "" 3 Substitut e for algae during the 

lated diet was EeSt results were obtained when a HUFA-rich formu- 

for thf lrteSa U nf ,v * S “ P ^ ement tha Y—t and as an enrichment 
attriWed t 1 P ‘ Dlfferencaa in production results could be 
attributed to the HUFA content in living and non-living larval diets. 


INTRODUCTION 

cysts^as^eveSef a ™ ilahiUt '' of dl£fe »>nt sources of brine shrimp 
mia nauplii for 1 Xar< T Variatlon ln the nutritional quality.of Arte- 
hout -and Cost^ow ?Q 7 o e w aeveral s P eciaa of crustaceans and fish (Book- 

Klein-MacPhee et al W82 ® 6Ck f * X ' 198 ° ! J ° hnS et al ‘ 1981 

Watanabe 8^1 ‘ ’ Sorgeloos 1984; Leger et al- 1985a; 

ferences between h»t i e31d ® S variation between Artemia strains, dif- 

(Jo ns t a K tHe Same 3traln haVe also baen reported 

1 ns et ai - 1980/ Leger et al. 1985a,b). 

have remrtL t ?o“ hat Vata ^ be « al - < 1978 > aad Fujita.et al. (1980) 

r marine fish larvae, we have recently demonstrated that 


nated^rthrArt" 31 ^“^“P^nary study on Artemia strains coordl- 
narea py the Artemia Reference Center. 

ing (Van^ver eS B n r e,a f **?“, W °™ Mariculture Society 15th Annual Meet- 
y lVancouver, B.C., Canada), March 18-22, 1984. 

versitv^rin R ® ference Center - Laboratory for Mariculture, state Uni- 
y f Ghent, J. Plateaustraat 22, B-9000 Ghent, Belgium. 

^Agromarina de Panama S.A., Apdo. SO Aguadulce, CScle, Panama. 
(NFW0)? eni ° r Scientist wlth the Belgian National Science Foundation 
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Sufficie *t amounts of essential fatty acids such as 
^ thG nubritional ^ality of Artemia nauplii for crusta- 

and 20 Z 31 ' 1985b) • Other studies using 20:5w3-lacking 
Musidovsfs h Th i Artemia nauplii as food source for the mysid shrimp 
saturated clearly confirmed the critical role of highly un- 
urated fatty acids in this marine shrimp (Lelger, unpublished data) . 

soecipq ° rd& l Y erify the latter academic findings for a commercial 
7 ? I '. a s tudy has been carried out with the blue shrimp Penaeus stu- 

Aaromev 15 7 ln<? WintGr ° f 1982 ‘ 83 at fc he Ralston Purina hatchery 
Agromarina de Panama S.A. in Panama. 

* se f i f s of Preliminary experiments aimed at defining an ade- 
rirh ^ P ® r ^ mental set up, a first experiment was conducted with 20:5o)3- 
"S: 20:5 f “Poor and 20:5co3-fortified Artemia fed from early mysis 

we invpqH a r/l ter P° st_larval metamorphosis. In a second experiment 
and DroJnP f ^ need f ° r highly unsaturated fatty acids in naupliar 
a , (rh , an ee lng of p ’ st ylirostris. in this experiment we used 
a HUFA lar>- 0Cer0 a . Tetra selmis) as a HUFA-rich, Fleischmann yeast as 
product kln 5 a « d Fleischmann yeast supplemented with a HUFA-enriched 

auate a!a!n a Tf:!° rtified diet ' Fleis chmann yeast was used as an ade- 
q gal substitute for P. stylirostris (Mock et al. 1980). 

The results of these experiments are described in this paper. 


MATERIALS AND METHODS 


ARTEMIA PREPARATIONS 

B fir^dSD ° n ^ helr HUFA content ' tw ° different batches of San Francisco 
7 Were selectsd for ‘his study: i.e., HUFA-rich SFBB 

wa!'haiUtfaT a ' POC> f SFEB 1628 (LSger et a1 ' 1985b > • ^ first batch 

second r S 4 -u r ° m solar saltworks in the San Francisco Bay and the 

densiti^°ofT T 6 n ° rthern San Pabl ° Ba y in California (USA) . Cyst 
(30 ™ a f, .f ” ere lncubated in one nm filtered natural seawater 
It? ??„’ at , 28 C under continuous illumination and aeration in poly- 

and Soroe^o lndb ° d ° nlaal bags. After T 90 -hours incubation (Vanhaecke 
from b9 82). freshly hatched Instar I nauplii were separated 

f c ‘ ln 9 debris and thoroughly rinsed with seawater. HUFA-forti- 

HUFA n ? UPlii were Ponced through 24-hour bioencapsulation of a 

th^ Art f UCt (AA18 - A rtemia Systems N.V., Ghent, Belgium) in 

(av .„‘™ d nauplii- The enrichment product consists of a micronized 

27 fi/iR 5 e P f r iCle S1ZS 5 PITd dry P owder containing 8.5% 20:5u>3 and 9.9% 
ferr^d ° V^ fatty acids ’ Freshl y hatched Artemia nauplii were trans- 

i uL V suspension of 0.6 g enrichment product per liter of one um 

rtasS h» TLr" ter UndSr continuous aeration in a cylindroconical 

vested on a t->n " After 24 hours the enriched meta-nauplii were har- 

b2 ° pm screen and thoroughly rinsed with filtered seawater 
prior to feeding. 

PENAEUS CULTURE TESTS 

stock I ind^!J iment 1 (SGe Flg * 1K P * st ^ lirost ris larvae from one brood 
stock Induced spawn were stocked at the nauplius IV stage (nIV) in nine 

filteLr P ? S 200 L flatbottom outdoor tanks filled with one ym 

tZ seawater (30 ppt) and provided with moderate airstone 
eration at the center and periphery of the tank. Stocking density was 
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Figure 1. Schematic outline of p. stylirostris culture Experiment 1. N * nauplius stage; P = protozoea stage- 
M - mysis stage? PL *= post larva stage. 


40 o larvae IT 1 and temperature in the tanks fluctuated between 28°C and 
3Q C. No artificial light was used. More or less 80% of the water was 
renewed every two days. Larvae were fed at first with Chaetoceros gra- 
crlis and from Protozoea I-II stage (Pl/pII) until Mysis X-II stage (MI/ 
M ) with a mixture of Chaetoceros gracilis and Tetraselmis chuii cul¬ 
tured separately in outdoor conditions. Twice a day cell concentrations 
were monitored (haematocytometer) and adjusted according to the opera- 
t TTT al T feedin9 regime * Freshly hatched Artemia nauplii were added from 
PJ.1I/MI (3 tanks with SFBB 236-2016, 6 tanks with SFBB 1628). Nauplii • 
concentrations were verified twice a day and adjusted so as to maintain 
operational levels. At Mysis I-II stage shrimp larvae were transferred 
in one-liter beakers in one yrn filtered and UV-treated natural seawater 
(30 ppt) without aeration. Thirty beakers per treatment were set up in 
indoor conditions under continuous illumination at 28°C±0.5°C. Larvae 
were stocked at 20 individuals per L -1 and fed Artemia nauplii ad libi¬ 
tum (see Table 1). The treatments consisted of freshly hatched SFBB 
236-2016 Artemia nauplii (treatment 1) , freshly hatched SFBB 1628 (treat¬ 
ment 2) and 24-hour enriched SFBB 1628 meta-nauplii (treatment 3). 


Table 1. Levels of Artemia Nauplii Fed in the one-liter Beakers for P. 

stylirostris Larvae from Mysis I-II Stage (mI/mII) Through 
Post larva VI Stage (PL^) Assuring ad libitum Feeding. Time 
of water exchange is also given. 






Larval stage 



M 1 

MU 

M III 

PLl 

PL 11 PL 111 

PLiv 

PL V PL VI 

Artemia 

nauplii ml" 1 '2 

4 

5 

5 

8 5 

8.5 

5 8 

Water 

exchange - 

- 

+ 

- 

+ — 

+ 

+ 


^ hater was changed every two days by siphoning, taking care not to 
damage the animals. Excess Artemia and dead larvae were removed daily 
prior to feeding. Mortality in the one-liter beakers was recorded daily 
and survival was calculated at the end of the experiment (Postlarva VI 
stage), Individual wet weight of all surviving postlarvae (excess water 
removal on absorbent papercloth) was measured with an analytical balance 
(accuracy 0.1 mg). Biomass production was calculated as the product of 
survival and individual wet weight. 

For Experiment 2 (see Fig. 2) , the same experimental setup was used 
as m the first. Seven treatments of three replicate 200 L tanks were 
run. Two treatments were fed algae as described in the first experiment, 
and five others were fed Fleischmann yeast type 7B (Standard Brand Foods, 
New York, N.Y.): i.e., two treatments received yeast only, three treat¬ 

ments were fed with a 1:1 mixture of Fleischmann yeast plus Artemia 
HUFA-enrichment diet. Cell concentrations were kept at 50,000 cells ml" 1 
(Mock et al. 1980). A suspension of Fleischmann yeast in filtered sea¬ 
water was prepared daily with a magnetic stirrer, whereas the enrichment 
product was homogenized in seawater using a kitchen blender. From Pro¬ 
tozoea III to Mysis I stage freshly hatched Instar I nauplii from SFBB 
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236-2016 Artenda cysts were fed at. operational concentrations in treat- 

Ta 1 ^ 5 (see Fig * 2) • SFBB 1628 were fed in treatments 

' and 6, and 24-hour HUFA-enriched meta-nauplii from SFBB 1628 Arte- 
nua cysts in treatment 7. These treatments were continued after trans¬ 
ferring the shrimp larvae at Mysis I-II stage in 15 replicate one-liter 
eaters per treatment. Prior to transfer larval survival was assessed 
y subsampling. From this stage only Artemia was fed at concentrations 
given in Table 1. After metamorphosis to post-larval stage overall sur¬ 
vival was calculated. Developmental rate was recorded throughout the 
experiment. „ 


life stage 


IV V 
N N 


pI i i?“ pll m I* 1 , y 1 « m 

p /p 11 p iii /m i m'/h ip 


• l-1-L 


Nauplius Protozoea 


Mysis 


PL 


Post larva 


experimental <----- 

culture container 3 replicate 300 1 tanks 


per treatment 


15 replicate 
1 1 beakers per 
treatment 


food 

TREATMENT 1 


ChatfoceAOA ChaeXoceAo6 SFBB 236-2016 knXvr.ia. nauplii 

T ZtAOA zlmZi 


TREATMENT 2 


-— ■■ ■ -» *-——--L 

ChacXocttKO* Ckactoc&LO* SFBB 1628 AAtwia nauplii 

+ 

TeJjicu, 


TREATMENT 3 


Fleishmann yeast 7B SFBB 236-2016 AntcmAji nauplii 


TREATMENT 4 3 ~ 


Fleishmann yeast 7B SFBB 1628 AA-tmia nauplii 


TREATMENT 5 L - 


Fleishmann yeast 7B + enrichment diet. SFBB 236-2016 A A-temca nauplii 


TREATMENT 6 «- 


Fleishmann yeast 7B + enrichment diet SFBB 1628 A nXemla nauplii 


TREATMENT 7 


Fleishmann yeast 7B + enrichment diet 24 h enriched SFBB 1628 

AAXemia metanauplii 


Figure 2. Schematic outline of P. stylirostris culture Experiment 2 
N - nauplius stage; P = protozoea stage; M = mysis stage; 
PL = postlarva stage. 
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DATA ANALYSIS 

Data were treated statistically in a one-way analysis of variance. 
Prior to analys is, survival data were normalized by transformation to 
angles (arcsin /% ) (Snedecor and Cochran 1967). Duncan’s multiple 
range test was used to determine significant differences among means 
(Goodnight 1979). 

FATTY ACID ANALYSIS 

Fatty acid profile was determined on freshly hatched and enriched 
Artemia nauplii as well as on Fleischmann yeast type 7B and the HUFA- 
enrichment diet. After homogenization with an ultrasonic homogenizer 
(Sonifier B12, Branson Sonic Power Company, Connecticut, USA), lipid ex¬ 
traction, saponification and esterification were done according to the 
procedure described in Schauer and Simpson (1978). Fatty acid methyl 
esters were injected on a capillary column (25 m Fused Silica, I.D. 0.32 
mm; liquid phase Silar 10C, film thickness 0.3 ym) installed in a Carlo 
Erba Fractovap 2330 gas chromatograph. Operating conditions were as 
follows: solid injector, carrier gas—hydrogen, flow rate—1.9 ml’min; 
F. I.D.-detection, oven temperature program—154 to 200°C at 1.5°C min -1 . 
Peak identification and quantification was done with a calibrated plot¬ 
ter-integrator (Hewlett Packard 3390A). The internal standard procedure 
using 20:2w6 as internal standard was used for quantitative analyses. 


RESULTS 

In the first experiment significant differences (a:0.05) in survi¬ 
val and biomass production are noticed in larval Penaeus stylirostris 
fed with either SFBB 236-2016 or SFBB 1628 Artemia nauplii (see Table 2 
and Fig. 3). After HUFA-enrichment inferior SFBB 1628 Artemia guarantee 
equal survival and significant (oi:0.05) growth in the shrimp larvae as 
compared to SFBB 236-2016. In the second experiment (see Table 3), when 
raising Nauplius IV until Mysis I-II stage, only the diet combination 
Fleischmann yeast followed by SFBB 1628 Artemia nauplii (treatment 4) 
results in a significantly inferior survival as compared to the other 
diet combinations. More pronounced differences are noticed when the ex¬ 
periment is continued until after post-larval metamorphosis. A similar 
nutritional deficiency is noticed in SFBB 1628 Artemia nauplii as in the 
first experiment (treatment 2). This deficiency is even more accentu¬ 
ated when Fleischmann yeast is used as algal substitute (treatment 4). 
However, when this yeast is used in combination with the HUFA-enrichment 
diet no significant difference in survival is notice between the SFBB 
236-2016 and SFBB 1628 fed treatments (treatments 5 and 6). The most 
effective feeding regime appears to be the one using yeast plus enrich¬ 
ment diet and enriched Artemia nauplii (treatment 7). 

From Table 3 and Figure 4 we further learn that the use of algal 
substitutes results in a developmental lag of more or less 1.5 to 2.5 
days at M^/mH and 2 to 3 days at PL 1 ; apparently developmental rates 
are most affected at Protozoea II and III stage. 

Fatty acid analyses (see Table 4) reveal a clear difference in pro¬ 
file between SFBB 236-2016 and SFBB 1628 Artemia nauplii, i.e., the 
former have considerably higher contents of 16:1 (to7 and other monoenes) , 
18:lw7/w9 and 20:5u)3, and lower levels of 16:2, 18:2u>6, 18:3u3 and 
18:4u)3. Some 22:6 oj 3 has been identified in SFBB 236-2016. Supplementa- 
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tion of the SPBB 1628 Artemia nauplii with the HUFA-enrichment diet re 
suits in a pronounced increase of the fatty acid 20:5co3 as well as in 
the appearance of significant levels of 22:6w3. Fleischmann yeast 7 b 
does not contain any fatty acids higher than 20:1. 


Table 2. Survival and Individual Wet Weight of P. stylirostris Post¬ 
larvae (PL VI ) Fed Algae and SFBB 236-2016 Artemia Nauplii 
(Treatment 1) , Algae and SFBB 1628 Artemia Nauplii (Treatment 
2) or Algae and 24 h Enriched SFBB 1628 Artemia Nauplii 
(Treatment 3) 




Treatment 



1 

SFBB 236-2016 

2 

SFBB 1628 24 

3 

SFBB 1628 
h enriched 

Survival (%) 

47.5 a 

34.0 b 

45.7 a 

s 

Individual 

5.2 

10.9 

5.8 

wet wt (mg) 

1.8 b 

1.7 b 

2.0 a 

s 

0.3 

0.3 

0.4 

1 with different 

superscript are 

significantly 

different (a 


mg % 


100 



SFBB SFBB SFBB 

236 2016 1628 1628 

ENRICHED 


Figure 3. Biomass production of • 
100 Nauplius IV P. stylirostris 
larvae at Postlarva VI stage in 
culture Experiment 1 (expressed 
as mg % wet weight increase). 
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Means with different superscript are significantly different (a ; 0.05). 


life stage 



igure . Developmental rate of p. stylirostris larvae fed algae (■), 
Fleischmann yeast (A) and Fleischmann yeast plus HUFA-enrich 
ment diet (•). N = nauplius stage; P = protozoea stage; 

M - mysis stage; PL = postlarva stage. 


CONCLUSIONS 


^ lar . ? hat has been reported for many other predator larvae 
fe a t Z Xn Leger et al * 1985a > the use of different Artemia strains 
an J 1SC ° Bay and San Pabl ° Bay) can markedly affect the cul- 
studv ST 0 larval p *. stylirostris. The results obtained in this 
hioh l oir i ' _^tyiirostris using SFBB 236-2016, containing relatively 
confirm 6 S of 20t5u}3 ' and SFBB 1628, containing low levels of 20:5w3, 
hi^htr eaZ ^ ^^9S that the presence of sufficient amounts of 
f 9 y unsaturated fatty acids determines the nutritional effectiveness 
emia as a larval food source in marine crustaceans (L^ger et al. 









• Fatty Acid Profile of (1) Fleischmann Yeast Type 7B, (2) Enrich¬ 
ment Diet AA18, (3) Freshly Hatched SFBB 236-2016 Artemia Naup- 
In, (4) Freshly Hatched SFBB 1628 Artemia Nauplii, and (5) 24 
h Enriched SFBB 1628 Artemia Nauplii. Concentrations are ex¬ 
pressed in (A) percent fatty acid methyl ester of total fatty 
acid methyl esters and (B) mg fatty acid methyl ester per qram 
dry weight. 
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hls * s f urther confirmed by the fact that the HUFA-enriched SFBB 
, 8 sterna nauplii are significantly more effective as food for P. sty- 

lirostns than the freshly hatched nauplii of the same strain. The bet¬ 
ter growth in HUFA-enriched SFBB 1628 Artemia fed larvae as compared to 
the SFBB 236 2016 Arteuda fed larvae could be attributed to the presence 
of higher amounts of the HUFA 22:6(03. Further evidence for the essen¬ 
tial role of HUFA's in larval shrimp nutrition are provided when using 
Fleischmann yeast 7B (lacking HUFA’s) as a substitute for Chaetoceros 
gracilis and Tetraselmis chuii (both high in 20:5co3, Aujero et al. 1983; 
Chuecas and Riley 1969; Ackman and Tocher 1968): i.e., when feeding 

20: 5o)3-poor SFBB 1628 Artemia inferior results are obtained when larvae 
have previously been fed on yeast as compared to algae. Since this dif- 
erence is most pronounced after post-larval metamorphosis, HUFA require¬ 
ments (especially 20:5<o3) in P. stylirostris culture appear to be high¬ 
est at post-larval metamorphosis. No significant difference is detected 
between SFBB 236-2016 and SFBB 1628 Artemia nauplii as larval food for 
’ st y llr ° strj -s when the algal substitute consists of Fleischmann yeast 
ln combination with the HUFA-enrichment diet. This suggests that 
U A supplementation in early larval stages reduces the critical need 
or HUFA-rich diets in later larval stages; as a result differences be¬ 
tween Artemia strains in terms of HUFA contents are also less pronounced. 


s ince the best results in the P. stylirostris culture tests were 
obtained with the combined use of the HUFA diet as supplement for the 
yeast and enrichment of Artemia , the HUFA formulation appears to supply 
and /° r quantitatively more components than present in SFBB 
016 and the algae used. This true for the HUFA 22:6w3 which should 
allow us to assume that 22:6u)3 might be an essential fatty acid in the 
larval nutrition of P. stylirostris. With 22:6w3 nearly absent and 
. ' f 1 Present at inconsistent levels in Artemia cysts (Leger et al. 
1985b; Schauer et al. 1980; Seidel et al. 1982; Vos et al. 1984; Wata- 
nabe et al. 1978) , HUFA enrichment may become common practice in larval 
rearing of p. stylirostris and species with similar requirements. 

. A marked difference in survival between the first and second ex¬ 
periments is observed. Since mortality in larval development of P. sty- 
lirostns peaks at post-larval metamorphosis and stabilizes thereafter, 
this difference 1S not to be attributed to the longer culture period in 
e first experiment. Differences in offspring quality or the fact that 
e tirst experiment was run during the changing of seasons and the sec- 
on experiment at the start of the dry season, may not be excluded. In- 
heed , it is known by shrimp farmers n the tropics that changing of sea¬ 
sons adversely affects hatchery production; furthermore, it has been 
demonstrated that changes in environmental conditions (occurring during 
the transition of seasons?) can affect the biochemical composition of 
fqo!?' eSp ® ciall y their fatty acid profile (Dickson et al. 1969; Enright 
< 51 - V * Unfortunately, we were not able to verify this in the present 
u y. urther studies, monitoring fatty acid profiles in phytoplank- 
on and using HUFA-enrichment products in combination with algae could 
be more elucidating. 


, , ^though the use of the HUFA diet as a supplement for the yeast 
° r enric hment for the Artemia nauplii does not create secondary 
. emS ° r -^conveniences in hatchery operations, the immediate appli- 
carion as an algal substitute is not to be recommended. Larval develop¬ 
mental rate, especially in the protozoea stages, is delayed by 2 to 3 
ys when Fleischmann yeast eventually in combination with the enrich- 
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ment product is used as algal substitute. Any production delay can be 
translated in less efficient and less rentable operation. Since devel¬ 
opmental rate normalizes after feeding only Artemia nauplii, this lag 
appears to be caused by the use of algal substitutes. Non-optimal feed¬ 
ing regimes and subsequent water quality problems may be responsible. 

Further work is needed to establish optimal feeding regimes with 
algal substitutes, the application of which nevertheless seems to be 
very promising. 
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